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Assumptions and energy basis
Throughout the analysis several general assumptions were made (Table S1 ). The required energy for water desalination is negligible compared to water splitting and fuels' synthesis energies.
2 Air separation, hydrogen generation and fuel production sites are in proximity to each other.
3
The energy required for storing all evaluated fuels is negligible. Moreover, only the operating energy consumptions were taken into account, while the energy for construction and decommissioning of the plants was not accounted for.
4
During the synthesis of all fuels, the required heat is assumed to be recovered within the process boundaries (the syntheses are exothermic).
The common basis chosen for the energy comparison was equivalent work (Weq), defined as in Equation SE1, where
Eel is electric energy, Eth is thermal energy, combustion is taken as the combustion efficiency of methane, 54.1% (Table  S2) , and boiler is the boiler efficiency taken as 91%.
|1|
/ eq el th combustion boiler
Combustion efficiency
The combustion efficiency is a dimensionless performance measure of the useful energy (mechanical work, heat, or possibly both) that can practically be recovered from the combustion of a given fuel. The heat content of the fuel is taken as the high heating value (HHV). The Carnot efficiency for methane combustion is 87.2%, while the current reported state of the art methane efficiency is 60% on a high heating value basis and 54.1% on a low heating value basis, |2-5| representing 69% of the theoretical Carnot value (Table S2 ). The same actual to theoretical efficiency ratio (i.e., 69% of the Carnot efficiency) was therefore assumed to be achieved in all other evaluated fuels. As a consequence, the estimated conversion efficiencies of all fuels are in the range of 57%-61% (Table S2 ). This estimation for aqueous AAN and UAN is regarded as conservative, since as monofuels they do not require compression of the air/fuel mixture in the turbo generator. Therefore, potentially, power generators based on AAN and UAN could be more efficient than standard generators based on conventional fuels. 
Energy requirement for fuel distribution
The required energy to distribute the fuels from the production site to the consumers was accounted. A distribution pathway of about 1,600 km (1,000 miles) was taken as the reference distance, resembling the distance between South California (where an abundance of solar energy could be produced) to Seattle (a center of demand). The different fuels are pressurized to 10.4 MPa similar to the maximum operating pressure for existing natural gas (NG) infrastructure currently used in the USA. The required transport energy for compressed NG (CNG) and for liquid ammonia is estimated at 1.508 GJ per ton and 0.185 GJ per ton, respectively.
|9| Since all fuels in the current analysis except for methane are liquids at 10.4 MPa, the reported required energy for ammonia transport was adapted for all other liquid fuels using a volumetric density ratio (Table S3) . Averaged ambient pressure measured value (liquids are assumed to be non-compressible). (GJ ton -1 )
PFP atm indices
Water splitting [b] (GJ ton -1 )
Synthesis energy [c] (GJ ton -1 ) Distribution [d] (GJ ton -1 )
Energy density [e] (GJ ton 
Hydrogen utilization efficiency
During fuel synthesis some of the hydrogen feedstock is not be chemically stored, but rather emitted as H2O (amount depends on the specific fuel composition). The hydrogen utilization efficiency is given by Table S5 . MeOH 67%
[b] DME 50%
[c]
Ammonia 100% [d] Aq. AHU 90% [e] Aq. AAN 75%
[f]
Aq. UAN 67%
[g]
[a] The Sabatier reaction:
[b] Reverse water gas shift reaction, followed by methanol production from synthesis gas:
CO H CH OH 
. 
PFP flue indices
The PFP indices for in the case of CO2 separation from flue gas are given in Table S6 . 
Sensitivity analysis
The normalized sensitivity of the PFP index to each parameter is defined as    
is the respective parameter. Its value indicates the percent change in the PFP index if parameter x changes by 1%.
E.g., the PFP atm index of methane would increase by 0.16% if the required energy for atmospheric separation would be reduced by 1%. Table S7 . The normalized sensitivity of the PFP index to its major contributing factors [a] Fuel Required energy for atmospheric CO2 separation [b] (in %)
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The required energy for aqueous AAN, AHU, and UAN synthesis
Producing AN from ammonia as a feedstock requires 0.68 GJ ton -1 for the ammonia production from H2 and N2 in addition to 0.15 GJ ton -1 for the synthesis of AN itself. |21| Producing urea requires 0.91 GJ ton -1 for ammonia production in addition to 3.3 GJ ton -1 urea for the synthesis of urea itself. Finally, the required energy for mixing is estimated at 0.13 GJ ton -1 . |21| Therefore, the total required synthesis energy is 0.9 GJ ton -1 , 1.8 GJ ton -1 , and 1.3 GJ ton -1 for aqueous AAN, AHU, and UAN, respectively. Figure S2 presents the flow chart for calculating the required synthesis energy of aqueous UAN as a representative fuel. Figure S2 . Energy requirement flowchart for the synthesis of aqueous UAN.
The required energy for DME synthesis
Dimethyl ether (DME) is produced by methanol dehydration, usually in a fixed bed reactor. The methanol feed is pumped to 20 bar before reacting, and the product DME is then separated from water and non-reacted methanol in a distillation column |21| . The electrical energy required to pump the liquid methanol inlet stream is negligible. Assuming full heat recovery, the energy required for DME synthesis from methanol is 6.6 GJ per ton DME for the MeOH feedstock and 2.016 GJ of thermal energy per ton DME for the synthesis process. |22| According to Equation SE1, the total required energy for DME synthesis is therefore ~8.7 GJ per ton.
